General information.
All reactions which required anhydrous conditions proceeded under argon atmosphere. Commercially available reagents were used as received. The solvents were dried by distillation over the appropriate drying reagents. Reactions were monitored by TLC on silica gel (GF−254) plates. Column chromatography was performed through silica gel (200-300 mesh). The petroleum ether (PE) used had a b.p. range of 6090 °C.
1 H and 13 C NMR spectra were recorded on a AM 400 MHz spectrometer ( 1 H at 400 MHz and 13 C at 100 MHz). Chemical shifts () were reported in parts per million (ppm) and coupling constants in Hertz (Hz). Tetramethylsilane or residual solvent signals as the internal reference (CDCl3: H = 7.26, C = 77.0 ppm).
Multiplicity was indicated as follows: s (singlet), d (doublet), t (triplet), q (quartet), m (multiplet), dd (doublet of doublet). High resolution mass spectra (HRMS) and Low resolution mass spectra (MS) were obtained on the mass spectrometer in ESI mode.
Experimental Procedures.
Many of the spectra have very broad peaks, presumably due to rotamers of carbamates/amides of secondary amines. Some of the 13 C carbonyl peaks are very weak, this may be because of rotamer broadening etc.
3-(3,4-Dihydroxyphenyl)propanoic acid (9).
To a solution of aqueous hydrobromic acid (8.0 L, 40%) was added 3-(3,4-dimethoxyphenyl)propanoic acid 8 (4.0 Kg, 19.02 mol). The temperature was elevated to 138 °C and the mixture was allowed to stir for 2 days, TLC showed that all the starting materials were consumed (DCM:MeOH = 5:1, UV). Then the reaction was cooled to ambient temperature and concentrated in vacuum. The residue was filtered and washed with petroleum to give the crude acid 9 (3.44 Kg, 99.2% ) , which was used for the subsequent step without further purification.
Benzyl 3-(3,4-bis(benzyloxy)phenyl)propanoate (10).
To a solution of acid 9 (3.44 Kg, 18.88 mol) in DMF (3.2 L) was slowly added potassium carbonate (8.0 Kg, 58.0 mol) and benzylic chloride (10.0 L, 88.0 mol) at ambient temperature. Then the temperature was elevated to 80 °C and the mixture was stirred for 48 h, TLC showed that all the starting materials were consumed (Petroleum:EtOAc = 5:1, UV). The mixture was filtered, the filtrate was diluted with brine (8.0 L) and extracted with EtoAc (16.0 L×3). The organic layers were combined, dried over Na2SO4 and filtered. The solvent was removed in vacuum to give the crude ester 10 (7.62 Kg, 89.2%), which was used for the subsequent step without further purification.
3-(3,4-Bis(benzyloxy)phenyl)propanoic acid (11).
Aqueous NaOH (20 wt%, 8.0 Kg) was added dropwise to a vigorously stirred solution of ester 10 (7.62 Kg, 16.84 mol) in methanol (3.2 L). Then the mixture were stirred at 90 °C for 6 h, TLC showed that all the starting materials were consumed (Petroleum:EtOAc = 2:1, UV). The mixture was concentrated and the residue was adjusted to acidic with conc. hydrochloric acid (3.4 L) at 0 °C with solid gradually precipitating. The mixture was filtered, the residue was dissolved in toluene (4.0 L) and stirred at 138 °C for 5 h with a Dean-Stark trap. Then the mixture was cooled to ambient temperature to recrystallize and provided the titled compound 11 (3.38 Kg, 55.4%) as white solid. 8, 148.8, 147.5, 137.3, 137.2, 133.6, 129.2, 128.4, 127.8, 127.7, 127.3, 121.0, 115.4, 115.2, 71.4, 71.3, 35.7, 30 
tert-Butyl 4-aminobutylcarbamate (13).
To a solution of 1,4-Diaminobutane dihydrochloride (2.49 Kg, 15.46 mol) in THF (12.0 L) was added potassium hydroxide (4.5 Kg, 80.06 mol), and the mixture was stirred at ambient temperature for 12 h. The mixture was filtered and the residue was washed with DCM (1.2 L). The filtrate was collected and concentrated to give the dissociated 1,4-Diaminobutane 12 (1.30 Kg, 95.4%) as colourless oil, which was used for the subsequent step without further purification.
To a mixture of 1,4-Diaminobutane (1.30 Kg, 14.75 mol) and aqueous sodium hydroxide (1.41 L, 10.0 M) was added a solution of di-tert-butyl dicarbonate (1.62 S4 Kg, 7.50 mol) in ethanol (14.1 L) dropwise. The mixture was stirred at ambient temperature for 12 h, and TLC showed that all the diamine were consumed (DCM:MeOH = 5:1, UV). The organic solvent was removed in vacumm, the residue was diluted with water (4.2 L) and extracted with DCM (3.0 L×3). The organic layers was combined, washed with brine and dried over Na2SO4. The solvent was removed under reduced pressure to give the crude product 12 (1.82 Kg, 65.6%) as yellow oil, which could be used in next step without further purification.
1 H NMR (CDCl3, 400 MHz) δ 4.98 (bs, 1H), 3.25 (bs, 2H), 3.02 (bs, 2H), 1.48-1.45 (m, 4H), 1.33 (s, 9H); 13 C NMR (CDCl3, 100 MHz) δ 155. 9, 78.7, 41.0, 40.0, 29.3, 28.2, 27.1; + .
tert-Butyl 4-(2-cyanoethylamino)butylcarbamate (14).
To a solution of carbamate 13 (1.82 Kg, 9.68 mol) in methanol (2.0 L) was added a solution of vinyl cyanide (642.0 mL, 9.44 mol) in methanol (1.4 L). The mixture was stirred at room temperature for 7 h, and TLC showed that the diamine was consumed (DCM:MeOH = 10:1, UV). The solvent was removed under reduced pressure to give the crude product (2.2 Kg, 94.3%) as yellow oil, which could be used in next step without further purification. 1 H NMR (CDCl3, 400 MHz) δ 4.80 (bs, 1H), 3.10-3.08 (m, 2H), 2.89 (t, J = 6.8 Hz, 2H), 2.64-2.60 (m, 2H), 2.50 (t, J = 6.8 Hz, 2H), 1.50-1.44 (m, 4H), 1.40 (s, 9H); 13 C NMR (CDCl3, 100 MHz) δ 156. 0, 118.7, 79.0, 48.7, 44.9, 40.3, 28.4, 27.7, 27.2, 18.6; + .
tert-Butyl 4-(bentylphenylmethoxycarbonyl 2-cyanoethylamino)butylcarbamate (15).
To a mixture of carbamate 14 (2.2 Kg, 9.12 mol) and Et3N (2.56 L, 17.74 mol) in THF (4 L) was added a solution of benzyl chloroformate (0.8 L, 5.6 mol) in THF (1.2 L) dropwise. The mixture was stirred at ambient temperature for 7 h, and TLC showed that all the starting materials were consumed (DCM:MeOH = 20:1, UV). The solvent was removed in vacumm, the residue was added diluted hydrochloric acid (4.0 L) and extracted with EtOAc (6.0 L×3). The organic layers were combined, washed with brine and dried over Na2SO4. Then the mixture was concentrated and the residue were dissolved in Petrolum/EtOAc mixture, and recrystallized in ambient temperature to provide the titled compounds 15 as white solid (1. 9, 155.4, 136.2, 128.5, 128.2, 128.1, 127.9, 126.9, 118.1, 117.6, 79.1, 67.5, 67.4, 47.9, 44.2, 43.2, 39.9, 28.3, 27.2, 25.9, 25.3, 17.5, 16.8; + .
tert-Butyl 4-(benzylphenylmethoxycarbonyl 2-aminoethylamino)butylcarbamate (6).
A solution of compound 15 (1.6 Kg, 4.24 mol) in THF (2.0 L), a saturated solution of ammonia in methanol (5.6 L) and Raney Ni (80 g) was added to a autoclave in sequence. The air in the autoclave was exhausted and the mixture was stirred at 50 °C for 10 h under pressed hydrogen atmosphere (3-8 MPa). TLC showed that all the starting materials were consumed (DCM:MeOH = 10:1, UV). The mixture was filtered and the filtrate was concentrated to give the titled compound 6 (1. 9, 136.8, 128.4, 127.9, 127.8, 79.1, 67.0, 46.3, 44.5, 40.1, 39.0, 31.7, 28.4, 27.3, 25.7; + .
3-(3,4-Bis(benzyloxy)phenyl)propanoyl chloride (3).
To a solution of acid 11 (1.61 Kg, 4.56 mol) in dry DCM (6.4 L) was added DMF (1.0 mL), and thionyl dichloride (440 mL, 6.32 mol) was added to the mixture slowly at ambient temperature. After that, the mixture was stirred under refluxing for 5 h and concentrated to give the crude acyl chloride 3 as oil liquid, which was used for the subsequent step without further purification.
tert-Butyl 4-(bentylphenylmethoxycarbonyl 2-aminoethylamino)butylcarbamate (4).
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Compound 6 (1.61 Kg, 4.24 mol) and Et3N (1.6 L, 11.37 mol) were dissolved in dried DCM (9.6 L) and the mixture was cooled to 0 °C. After that, a solution of freshly prepared acyl chloride 3 in dry DCM (2.8 L) was added dropwise to the stirred mixture. Stirring was continued until all the starting material was consumed (DCM:MeOH = 10:1, UV). The mixture was concentrated and subsquently acidified with diluted hydrochloric acid. The mixture was extracted with with EtOAc (10 L×3). The organic layers were combined, washed with brine and dried over Na2SO4. The mixture was concentrated to give the crude product 4 (2.7 Kg, 87.9%) as brown oil, which was used for the subsequent step without further purification. 
Benzyl 3-(3-(3,4-bis(benzyloxy)phenyl)propanamido)propyl(4-aminobutyl) carbamate (16).
To a solution of compound 4 (2.36 Kg, 3.24 mol) in dried DCM (6.0 L) was slowly added TFA (2.4 L, 32.34 mol), the mixture was stirred for 8 h at room temperature. TLC showed that all the starting materials were consumed (DCM:MeOH = 10:1, UV). The solvent was removed under reduced pressure and the residual oil was decanted to saturated aqueous potassium carbonate (4.2 L). Then the mixture was extracted with EtOAc (14 L×3). The organic layers were combined, washed with brine and dried over Na2SO4. The mixture was concentrated to give the crude product 16 (1.93 Kg, 94.9%) as brown oil, which was used for the subsequent step without further purification.
1 H NMR (CDCl3, 400 MHz) δ 7.44-7.35 (m, 5H), 7.34-7.26 (m, 10H), 6.84-6.82 (m, 1H), 6.76-6.63 (m, 2H), 6.15 (bs, 3H), 5.10 (s, 2H), 5.08 (s, 2H), 5.03 (s, 2H), 3.16-3.12 (m, 6H), 2.87-2.72 (m, 4H), 2.40-2.10 (m, 2H), 1.58-1.55 (m, 6H); 13 C NMR (CDCl3, 100 MHz) δ 173. 0, 172.5, 156.9, 156.8, 156.2, 148.8, 147.3, 137.3, 137.2, 134.4, 128.7, 128.6, 128.5, 128.0, 127.8, 127.4, 127.3, 121.2, 115.4, 115.3, 71.4, 71.3, 67.3, 46.5, 44.3, 40.1, 38.5, 35.9, 31.2, 28.4, 27.7, 25.7; + .
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Benzyl 3-(3-(3,4-bis(benzyloxy)phenyl)propanamido)propyl (4-(2-cyanoethylamino)butyl) carbamate (2).
A mixture of compound 16 (1.92 Kg, 3.08 mol) and Et3N (1.12 L, 8.12 mol) was dissolved in methanol (5.6 L), then the mixture was heated to 60 °C. After that, a solution of vinyl cyanide (227 mL, 3.53 mol) in methanol (0.45 L) was slowly added to the mixture at 60 °C. The mixture was stirred for 7 h, and TLC showed that all the diamine 16 were consumed (DCM:MeOH = 10:1, UV). The solvent was removed under reduced pressure to give the crude product (2.04 Kg, 98.0%) as yellow oil, which could be used in next step without further purification. 149.0, 147.5, 137.5, 137.4, 136.3, 134.6, 128.6, 128.45, 128.45, 128.2, 127.8, 127.7, 127.5, 127.4, 127.3, 121.3, 118.7, 115.6, 71.6, 71.4, 67.3, 48.6, 46.6, 45.9, 44.9, 44.0, 38.6, 35.6, 31.3, 28.5, 27.7, 27.0, 26.2, 18.6; + .
3-(3,4-Bis(benzyloxy)phenyl)propanoyl chloride (3).
To a solution of acid 11 (1.18 Kg, 3.26 mol) in dry DCM (4.6 L) was added DMF (0.7 mL), and thionyl dichloride (315 mL, 4.52 mol) was added to the mixture slowly at ambient temperature. After that, the mixture was stirred under refluxing for 5 h and concentrated to give the crude acyl chloride 3 as oil liquid, which was used for the subsequent step without further purification. (3-(3-(3,4-bis(benzyloxy)phenyl) propanamido)propyl)carbamate (17).
Benzyl 4-(3-(3,4-bis(benzyloxy)phenyl)-N-(2-cyanoethyl)propanamido)butyl
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Compound 2 (2.0 Kg, 2.96 mol) and Et3N (1.08 L, 7.8 mol) were dissloved in dried DCM (6.46 L) and the mixture was cooled to 0 °C. After that, a solution of freshly prepared acyl chloride 3 in dry DCM (1.88 L) was added dropwise to the mixture. Stirring was continued until all the starting materials were consumed (DCM:MeOH = 10:1, UV). The mixture was concentrated and subsquently acidified with diluted hydrochloric acid. The mixture was extracted with EtOAc (12.0 L×3). The organic layers were combined, washed with brine and dried over Na2SO4. The mixture was concentrated to give the crude product, which was purified by chromatography column (silica, petroleum/ EtOAc: 1/2) to give 17 (1.36 Kg, 45.1%) as brown oil.
1 H NMR (CDCl3, 400 MHz) δ 7. 48-7.28 (m, 25H), 6.90-6.71 (m, 6H), 5.16-5.09 (m, 10H), 3.49-3.15 (m, 10H) , 2.90-2.76 (m, 4H), 2.63-2.42 (m, 5H), 2.20-2.00 (m, 1H), 1.62-1.29 (m, 6H); 13 C NMR (CDCl3, 100 MHz) δ 172. 5, 172.3, 172.1, 156.6, 156.0, 148.9, 147.43, 147.4, 147.3, 137.4, 137.3, 137.2, 137.18, 134.7, 134.4, 134.2, 128.7, 128.5, 128.4, 128.2, 128.17, 127.8, 127.73, 127.7, 127.3, 127.2, 121.1, 118.4, 115.7, 115.3, 115.2, 71.4, 71.3, 71.2, 67.30, 67.29, 60.3, 48.8, 46.3, 46.1, 43.9, 42.9, 38.5, 38.1, 36.2, 35.5, 35.1, 34.9, 31.2, 31.0, 30.7, 28.3, 27.5, 26.3, 26.0, 25.7, 25.1, 16.2; ESI-MS: 1043.77 (M+Na) + .
Benzyl 4-(3-(3,4-bis(benzyloxy)phenyl)-N-(3-aminopropyl)propanamido)butyl (3-(3-(3,4-bis(benzyloxy)phenyl)propanamido)propyl)carbamate (18).
A solution of compound 17 (1.32 Kg, 1.32 mol) in THF (1.5 L), a saturated solution of ammonia in methanol (12.0 L) and Raney Ni (240 g) was added in sequence to a autoclave. The air in the autoclave was exhausted and the mixture was stirred at 50 °C for 14 h under hydrogen atmosphere (3-6 MPa). TLC showed that all the starting materials were consumed (DCM:MeOH = 10:1, UV), the mixture was filtered, and the filtrate was evaporated in vacuum to give compound 18 (1.33 Kg) as green oil, which was used for the subsequent step without further purification. 168.6, 156.4, 155.8, 148.7, 147.3, 147.1, 137.2, 137.1, 136.2, 134.3, 134.0, 128.5, 128.4, 128.2, 128.1, 127.9, 127.6, 127.57, 127.2, 127.1, 121.1, 121.0, 115.4, 115.2, 115.1, 71.3, 71.2, 71.1, 71.06, 67.1, 47.3, 46.2, 46.1, 43.9, 42.0, 38.3, 37.8, 36.2, 35.5, 34.6, 31.1, 30.8, 28.2, 27.4, 25.8, 25.6, 25.5, 25.0; ESI-MS: 1025.56 (M+Na) + .
Benzyl 4-(3-(3,4-bis(benzyloxy)phenyl)-N-(3-phenylmethoxycarbonylaminopropyl)
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propanamido)butyl(3-(3-(3,4-bis(benzyloxy)phenyl)propanamido)propyl) carbamate (1).
To a mixture of amine 18 (1.33 Kg, 1.32 mol) and Et3N (264 mL, 1.8 mol) in DCM (9.0 L) was added a solution of benzyl chloroformate (0.33 L, 0.66 mol) in DCM (1.2 L) dropwise at 0 °C. The mixture was stirred at ambient temperature for 5 h, and TLC showed that all the starting materials were consumed (DCM:MeOH = 20:1, UV). The solvent was removed in vacumm, the residual oil was acidified with diluted hydrochloric acid and then extracted with DCM (2.4 L×3). The organic layers were combined, washed with brine and dried over Na2SO4. The mixture was concentrated and the residue was purified by chromatography column (silica, petroleum/ EtOAc: 2/3) to give compound 1 (0. 172.08, 171.7, 156.7, 156.5, 148.8, 147.4, 147.3, 147.27, 137.4, 137.33, 137.30, 137.24, 137.19, 136.7, 136.3, 134.7, 134.51, 134.45, 134.3, 128.4, 128.2, 128.1, 128.05, 128.0, 127.9, 127.8, 127.72, 127.7, 127.3, 127.2, 121.1, 115.7, 115.34, 115.25, 71.4, 71.35, 71.29, 71.25, 71.2, 67.4, 67.3, 67.12, 67.10, 66.72, 66.67, 66.3, 47.2, 46.2, 45.2, 43.9, 43.8, 42.3, 38.5, 38.0, 37.5, 37.4, 36.2, 35.5, 35.0, 34.8, 31.2, 31.0, 29.5, 27.6, 27.5, 26.1, 25.8, 25 .1; ESI-MS: 1180.61 (M+Na) + .
Kukoamine B bimesylate.
Preparation of Kukoamine B bimesylate: To a solution of compound 1 (0.9 Kg, 0.72 mol) in THF (0.9 L) was added methanol (18 L) and Methanesulfonic acid (165 g, 1.68 mol), palladium on carbon (90.0 g) was added to the mixture carefully. Air in the flask was exhausted and the mixture was stirred at ambient temperature for 15 h under hydrogen atmosphere. TLC showed that all the starting materials were consumed (n-BuOH:H2O:HOAc = 4:1:1, UV), the mixture was filtered and the residue washed with THF. The filtrate was collected and the solvent was removed in vacuum to give Kukoamine B bimesylate (424.8 g, 75.7%) as white solid. 1 H NMR (400 MHz, D2O): δ 6. 84-6.80 (m, 2H), 6.75 (m, 2H), 6.67-6.66 (m, 2H), 3.39-3.34 (m, 2H), 3.27-3.15 
